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PREFACE 


With problems of indoor air quality becoming increasingly apparent, it is 
essential to have a Far more detailed and fundamental understanding of the 
occurrence of specific chemicals in indoor air, and of their mechanisms of 
interaction and modes of dispersion. Such factors are heavily influenced 
both by construction materials used in buildings and their design as well as 
building ventilation and maintenance. 

The contribution made to air quality by passive smoking and environmental 
tobacco smoke is typically an area that needs careful scientific evaluation, as 
do such problems as sick building syndrome' which has recently attracted 
considerable publicity. Here the importance of architectural and service 
design is widely acknowledged with many innovative changes needed for the 
future. 

This book addresses the scientific, engineering and health aspects of indoor 
air quality. Each chapter has been compiled from a number of thematically 
consistent presentations made at the Indoor and Ambient Air Conference 
held at Imperial College London between 13 and 15 June 1988 under the 
auspices of the Technical Committee including: J, N. B. Bell (UK), Jan 

S. M. Boleij (Netherlands), P Burberry (UK). D J Eatough (USA). P O. 
Fanger (Denmark), M, Fugas (Yugoslavia). R. M. Harrison (UK), 

T. Hirayama (Japan), J. N. Lester (UK), K. Maeda (Japan), D. Mosch- 
andreas (USA), E. R«*dahi (Norway),D. Schmahl (FRG), J. Sundell 
(Sweden), E- Tsani-Ba 2 aca (Greece), M. J. Suess (Denmark), D. Walkin- 
shaw (Canada) and P. WarTen (UK). 

The editors gratefully acknowledge the work of this Committee, 


R. Perry 
P W. W. Kirk 
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ASSESSMENT OF ETS IMPACT ON OFFICE AIR QUALITY, PART 


JJ.Plade, CGerfwr & W.ftak 

P.M.Europe, R Sc D Department, CH-2003 Neudwtei, Swjt/ei Land 


ABSTRACT 

The impact of environmental tobacco smoke (ETS} on indoor air quality was 
investigated by quantifying the concentration of some of its components in a 
series of strictly controlled experiments performed in an office of a modern 
air conditioned building. The desired smoke generation rate was obtained by 
having trained smokers smoke commercial cigarettes according to a prescribed 
protocol. The concentrations of the selected ETS constituents and their ratios 
are reported, together with background and outdoor Levels. The influence of 
room ventilation on these ratios and wall deposition are also discussed. 

INTRODUCTION 

Environmental tobacco smoke (ETS) has been singled out by many authors as 
an important contributor to indoor air pollution, concern has been expressed 
about the possible health effects of ETS exposure, and a Large body of 
literature is now available on this topic. A critical step in this discussion 
is the assessment of ETS impact on indoor air quality. The main problem in the 
assessment of exposure to ETS arises from its very nature: it is a dynamic 
system, both physically and chemically, which is also affected by the other 
environmental factors. To assess this exposure, several smoke components have 
been measured in indoor environments as markers, indicative of "ETS 
concentration". The most often used components are nicotine, respirable 
suspended particles (RSP) and, often in conjunction with one of the former, 
carbon monoxide. 

The present paper is part of a continuing study investigating ETS in 
real-life situations, but with a strictly defined smoke generation and 
investigating a wide array of components. Our mam goals in this study are; 

- to determine the validity of the use of markers in assessing ETS impact on 
indoor air quality, and explore potential problems and limitations; 

- to identify the best approaches in using markers to estimate ETS exposure. 

A first part of this 3tudy has already been published (1). 

EXPERIMENTAL PROCEDURES 


Smoking sessions 

The office used for this study has a surface af 12 a volume of 35 
with a door and a large window. Its walls are plastered, the fLoor is carpeted 
and it is fumiehed with a desk and three chairs. It is situated in a modern 
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building with central air conditioning. The ventilation was checked to ensure 
3.5 air changes per hour (ACH) under normal conditions. Smokers (normally 
consuming about 1 pack per day) were trained to take two-second puffs per 
minute in a reproducible way, as checked by the consistency of the puff-counts 
obtained per cigarette. They were asked to smoke commercial cigarettes 
according to a pre-determined, realistic protocol. All smokings took place in 
the same room, but the ACH was altered in some experiments by partially 
obturating the air vents. Ventilation was then reduced to 1.9 ACH. Air-mixing 
was not increased by fans during any experiments. 

Analytical methods 

For each session, the concentrations of CO, NO, N0 o and respirable 
suspended particles (RSP) Were measured continuously. In addition, ammonia, 
hydrogen cyanide and nicotine were sampled using selective traps, so that 
their concentration was measured periodically. 

Samplings were done using feed-back flow control pumps (SKC Aireheck 
Sampler 224-36 or equivalent) drawing air from near the center of the room at 
an height of 1.2 m. Some results were obtained by averaging several 
simultaneous determinations: 2 to 3 for gravimetric RSP and 2 for nicotine. In 
those cases samplings were made at different distances from the smoker. 

Carbon monoxide was measured continuously by non-dispersive IR (Dasibi 
3006) and nitrogen oxides by chemiluminescence (Tecan CLD 502) *. 

RSP concentration was simultaneously measured by three different methods: 

- filter gravimetry, by pumping air at 2 l.min through a filter pad 
(Fluoropgre, Millipore FALP037QO), possibly after passing through an 
impactor (TSI GmbH 3.5 u cut-off) according to (2). The weight change was 
measured with a Mettler M3 microbalance? 

- using a portable piezobalance (TSI GmbH model 5500); 

- using a RAM nephelometric detector {GCA RAS-1) after a specific calibration 

(1), allowing continuous, real-time measurements. ^ 

Ammonia was sampled by pumping air for 20 to 120 minutes at 2 l.min into 
50 ml of 0.1 M KNO , and the quantification was made by colorimetry (3). 

Hydrogen cyanide was sampled by pumping air for 30 to 120 minutes at 
2 l.min into an impinger containing 50 ml of 0.5 M NaOH and the‘quantifi¬ 
cation was made by headspace-GC2 after acidification by H^PO^ (400 ul injected 
on a 30 m x 0.53 mm GS-Q column (J&W) with NP detectio^, temperature 130 C). 

Nicotine in air was sampled by pumping at 1 l.min for 20 to 120 minutes 
through XAD-4 tubes (SKC 226-30-11-04) which were extracted with 1 ml ethyl- 
acetate (0.01% triethyl-amine) and analyzed by GC2 according to (2). Quinoline 
was used as an internal standard. 

Nicotine deposition on walls was monitored by nailing paper or glass-fiber 
circular filters (21 mm in diameter) to the walls before the experiment and 
quantifying their nicotine contents, together with those of suitable controls, 
after a known exposure. Filters were analysed by groups of 4 and at least 3 
replicate determinations were made per experiment. Four filters were inserted 
into a syringe barrel and they were extracted, after addition of the internal , 
standard, using twice 1 ml of the same solvent as for the XAD tubes. GC 
analysis is done as for airborne nicotine on each of the two washings to 
verify that a complete extraction was achieved. 

Solanesol (obtained from Sigma) is analyzed following (4) in RSP by 
extracting the filters used for the gravimetric determinations with methylene 
chloride in an ultrasonic bath. The solvent is evaporated and the extracts are 
silylated with HSTFA (Pierce) in acetonitrile. The reagents are evaporated, 
hexatetracontane (Fluka) is added as an internal standard and quantification 
is made using a 5 m x 0.53 ran capillary coluiwj coated with 1.5 u DB-5, 
temperature program: 200 to 340 C at 20 .min” , 1 ul on-column injection. 
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5ESULTS AND CISCO’S SION 


Indoor and outdoor background values 


During the period when the experiments wet*® performed in the office, the 
outdoor concentrations cr ZO, SO, NO* and R£? were monitored over several full 
days- They are highly influenced by Ehe traffic or. a nearby highway ar.d 
exhibit large circadian variations which have been previously reported (IS- 

The ranges for the measured concentrations are the following: 

CO 0.9 tc 3.2 ppm; NO 20 to 270 cpb; '*C_ 25 to 35 ppb; RS? ISO to 200 cg.m~ 3 . 

The ranges for ir.dccr background values measured throughout the duration 
of the study were: 

CO 0.5 to 2.0 cpn? NO 10 to 20 p^b; NO, 40 to 60 cpfc: |SP 20 to 50 jg.m' 3 ; KCN 
not detected (det. Limit 1 ug.m ') j NH~ 10 to 50 ug.rrT . 

Throughout this paper, the analytical results will be reported after 
background subtraction. 

Experimental concept 

The experimental protocol of this study was designed according to the 
following concept: 

The experiments were performed under real-life conditions, in a normal 
office environment with human smokers. At the same time, the smoke generation 
was tightly controlled and environmental parameters constantly monitored, 
notably the ACH. The subtraction of the background values ensured that only 
the ETS contribution was taken into account. In this set of experiments, 
constant smoke generation rates were maintained: this allowed the 
concentrations of the measured ETS components to reach a steady state, where 
their value becomes independent of time. It was then possible to derive the 
ratios between the concentrations of selected components, eventhough they nay 
age very differently. 

The objective of this .first part of the study was. first tc determine how 
reproducible this kind of experiment could be when the only variations allowed 
in the protocol were the sampling location and the identity of the smoker. It 
was then to find out whether these ratios were actually constant at different 
ETS levels and with different ACH in the room. 

Ratios of components levels 

The set of office ETS studies discussed with the present paper consists m 
7 subsets of 2 replicate smoking sessions. For the replicates, every 
conditions were kept identical except for the identity of the smokers and the 
sampling positions within the room. The smoke generation protocols and the 
environmental conditions for each subset of experiments are given in table 1. 


TXBLI Is SHDKI GBTOtmc** JUTE Wit KWIROMHOfTM. COWtITIOMS 


SUB-StT 
2 fiCTLXCVntS 


MB. or CXQ. MB. or PEK50N3 VWTILATIO* 

SHOKJO/HOUB IH THE BOOH (ACH) 


TWPEJUTVR* 

< -o 


RBL- HUMIDITY 

(VI 


1 4.0 J 

2 LO.O J 

J 4.0 ] 

4 3.0 3 

V 5.0 3 

6 3.0 ^ 

7 L.5 2 


3.5 

26/25 

45/48 

J.S 

24/24 

47/47 

1.9 

25/24 

47/48 

1.9 

25/25 

46/47 

3.5 

24/24 

44/44 

1.1 

24/25 

45/43 

l .3 

25/26 

46/ 45 


5 % 


PM3006448104 


Source: https://www.industrydocuments.ucsf.edu/docs/fmjj0001 




Figure 1 gives an example of the results obtained in a typical experiment. 
In this case it can be seen that after about one hour the monitored 
concentrations oscillate, as new cigarettes are being lit, around a value 
which remains constant with time. 



£ Tlt^E tm i n) 


FICUSS i: BSP, CO, NO tad nicotine concentration 
# cigarettes smoked al 15-minute tnUmls 


Figure 2 shows the plot of the averages of all determinations of RSP made 
in each subset by the 3 different methods used: filter gravimetry, TST 5500 
piezobalance and RAM nephelometric detector. It shows a good correlation 
between the CC and the RSP levels in this experimental set, independent from 
ACH or smoke generation rate. In this kind of experiment, ETS-derived RSP can 
therefore be used to predict ETS-derived CO and vice-versa. What is not 
apparent on figure 2 is the variability of the results. The coefficient of 
variation for simultaneous gravimetric determinations is normally less than 5% 
but the differences between the RSP values obtained in replicate experiments 
range between 2 and 20% even when correcting for small variations in the CO 
concentration. It should, be emphasized that the experimental conditions were 
carefully checked to match closely these replicate experiments and great 
caution should therefore be exercised when discussing ETS-derived RSP on the 
basis of models. 
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Figures 3 and 4 show the results obtained when correlating the averaged 
nicotine concentration with the CO and the RSP levels, but distinguishing 
between the experiments with normal and reduced ACH. It appears that the 
correlation is not as good as with RSP. No clear trends can be found in the 
departure from linearity. Neither the CO concentration nor the ACH seem te 
have a clear effect or. the nicotine/CC or nicotine/RSP ratios. The 
SSP/nicotine ratio has the same average of 10 both for experiments with normal 
ventilation and those with reduced ACH. It ranges between 6 ar.d 18. 


100*7 



30- 

• 


60- 

X 


40- 

• 


X • 

! 0 fteoucio vewrl 

20- 

• X 

j NOXWXC VtMT. ] 


1 T 1 1 1 

r i 7 

00 .50 

1.00 1.50 2.00 2.50 3.00 

ISO 4.00 4.50 


CO (ppm; 



FIGURE 3: Correlation between carbon monoxide and nicotine, Annies 
ol 2 replicate experiment*, normal and reduced ventilation. 


100- 


E »- 



• 

J »- 

X 

til 

• 

2 40- 

1- 

*• 

3 30- 

• X 

5 ok--, , 

i i r 

.00 .10 .20 

30 40 .50 ,i 


£ «DUCfO VENT 

L* VENT. ■ 


.60 .70 .80 .90 1.00 UO 

95P (m$. kv-3) 

FIGURE 4 : Correlation between RSP ind nicotine. Atertfn of 2 

replicate experiment*, normal and reduced ventilation. 


In order to investigate the interaction of nicotine with the walls which 
are likely to be the main sink for this compound, its deposition rate was 
measured on neighbouring surfaces made of cellulose and glass fibers (figure 
5). 



0 ID 20 30 «0 50 W 70 SO M 100 110 120 


NICOTINE CONCENTRATION tug. m-3) 

FIGURE 5 ; Nicotine wall deposition rate as i fonction of nicotine 
air concentration. 


598 


PM3006448106 


Source: https://www.industrydocuments.ucsf.edu/docs/fmjj0001 



It can be seen that this rate is always 4.5 times higher on glass than it 
is on paper, probably reflecting the activity of acidic sites on the glass 
surface. There is little or no correlation between nicotine levels and 
deposition rate. It would of course be more accurate to correlate these 
results with the concentration of gas phase nicotine only. A method based on 
the use of acid coated denuder tubes (5) is being investigated to this end. 

Figures 6 and ? show the NH^ concentration plotted vs. CO and nicotine 
levels. It can be seen that the correlation of with CO is poor. Its 
correlation with nicotine is higher, which is expected for two basic 
components mostly present in the gas phase. 
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Figures 8 and 9 show the plots of NO and NO concentration vs. CO level 
for all individual smoking sessions, distinguishing between, experiments with 
normal and reduced ventilation. It can be seen that nitrogen oxides correlate 
poorly with CO (and RSP). Moreover, it should be noted that the ACH influences 
strongly the ratios of NO and NO^ to CO- This is a consequence of the 
variation of these ratios with time in aging ETS, as was demonstrated in 
similar experiments with isolated smoking events followed by a decay period 
(1J - 
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Figure 10 shows the same plot made with the HCN levels. Both concentrations 
appear to correlate fairly well when the ventilation :s normal but not so well 
if it is reduced, even for similar CO levels. 
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Solanesol analysis 

It appears from the above results chat the concentration of ETS derived 
RSP is the value that would be best correlated with the concentrations of most 
ETS components. In most real-life investigations, however, this value is only 
a fraction of the total RSP concentration (6). 

Solanesol is a trisesquiterpenoid alcohol with a molecular weight of 631. 
it has been found in tobacco at the percent level (4) and has also been shown 
to be present in tobacco smoke condensate (7) . It is expected to be fcur.d 
exclusively in the particulate phase. 

Submitting some filters that had been used for RSP determination to an 
analytical procedure derived from that of Severson et al. (4) demonstrated the 
presence of solanesol in ETS-derived RSP at levels in the range of the 
thousand ppm. These results are preliminary and in particular the fact that 
the solanesol concentration in RSP remains fairly constant with respect to ETS 
aging, type of blend smoked etc. is to be demonstrated. 

CONCLUSION 

This study constitutes the second part of a program on the analytical 
investigation of ETS in indoor air. It was shown that under carefully 
controlled real-life conditions, ETS-derived RSP, CO and HCN concentrations 
were fairly well correlated regardless of the ETS level or the room 
ventilation. On the contrary, total nicotine, N« 3 , NO, NO, could not be 
correlated to each other or with the former components in 4 a satisfactory way. 
These compounds are unlikely to be amenable to modeling and cannot be used as 
markers for other ETS components. 

Solanesol analysis offers an attractive approach in determining ETS- 
derived RSP concentrations in real-life environments, warranting extended 
investigations. 
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